ABSTRACT
INTRODUCTION
Magneto-acoustic-electrical tomography is a multi-physics exploration and imaging technique that incorporates electromagnetic, ultrasound and imaging technologies. With conductivity as the imaging target parameter, it is more and more concerned with the advantages of non-invasive, good contrast and high sensitivity [1, 2] . In the previous study of magneto-acoustic tomography, the researchers believe that the acoustic parameters of most of the biological tissues are near-unanimous, and the acoustic parameters are approximated by assuming that the biological tissues have homogeneous acoustic characteristics and inhomogeneous electrical characteristics [3] . In recent years, in order to improve imaging resolution and research accuracy, the inhomogeneity of acoustic parameters attracted attentions in the magnetoacoustic tomography with magnetic induction (MAT-MI) firstly. In 2014, Lian Zhou et al. proposed a reconstruction algorithm of magneto-acoustic tomography with magnetic induction for an acoustically inhomogeneous tissue [4] . The method offers a potential solution to perform MAT-MI high-resolution imaging in acoustically inhomogeneous tissue, especially for brain imaging. In 2016, Wei Zhang et al. analyzed the image reconstruction in magneto-acoustic tomography with magnetic induction with variable sound speeds provide a new algorithm to solve the forward and inverse problems in inhomogeneously acoustical media [5] . The solution of inverse problem can accurately reconstruct the distribution of acoustic sources in MAT-MI. However, the influence of fluctuations in the density of biological tissues and the inhomogeneity of sound velocity and density on the magneto-acoustic-electrical tomography (MAET) signals has not been studied yet.
In this paper, numerical analysis is carried out for the forward problem of Magneto-acoustic-electrical tomography under acoustically inhomogeneous characteristics. A 2-dimensional planar geometric model, with the same geometry and conductivity distribution and different acoustic parameters, was used to compare the sound pressure distribution and the voltage signal under the same excitation. The simulation results show that the density and sound velocity of different biological tissues have an impact on the sound pressure distribution and the voltage signal in the magneto-acoustic-electrical tomography process. The results of the analysis provide a preliminary basis for effect of the magnetoacoustic-electrical tomography of an inhomogeneous model of human tissue.
PRINCIPLE OF MAGNETO-ACOUSTIC-ELECTRICAL TOMOGRAPHY
The specific principle of magneto-acoustic-electrical tomography as shown in Figure 1 , a number of ultrasonic transducers around the target body emits narrow ultrasonic pulse to the target body in time, causing the target body local vibration velocity v , generating equivalent source of electric field This imaging method is safer and more effective for the human body because of the replacement of high-intensity pulsed excitation with ultrasonic excitation. Due to the focusing effect of ultrasound, a similar B-scan imaging can be achieved, the reconstruction time is greatly shortened, and the conductivity of the imaging effect is obviously improved. In addition, electrical signal detection makes it easier to achieve impedance matching than acoustic transducer detection of piezoelectric transducers, making it easier to increase the gain and signal-to-noise ratio of the detection system.
NUMERICAL CALCULATION METHOD
In this paper, the numerical calculation method of the forward problem of MAET in acoustically inhomogeneous tissues is proposed. Firstly, calculate the sound pressure, find the vibration velocity and then obtain the voltage signal. Human tissue is a substance composed of water, fat and protein, which can be called fluid-like medium. The vibration velocity of the particle in the medium is v , the sound pressure is p .
The acoustic pressure-particle velocity coupling equation is
Assuming there is a small floating value of the density and sound velocity, we can set the reference value as 0 
Combine equation (2) and (3) ( )
Keep the liner term of the Taylor series expansion for 
At the boundary of the infinity region, the sound pressure and particle velocity decay to zero, that is:
Where a Γ is the boundary of area a Ω .According to (7) -(8), the sound pressure and particle velocity can be solved.
The corresponding equivalent current source in the medium is 
Where A is the magnetic vector potential, u is the electric scalar potential. For human tissues with low conductivity, the amplitude of the alternating magnetic flux density t B is usually less than 0 B , so in the calculation of the electric field, the magnetic vector potential A and magnetic flux density t B in E and T J are ignored. Therefore, the total current density is approximately Γ is the boundary of area em Ω . According to the above two equations, the the electric scalar potential of the MAET can be calculated.
NUMERICAL SIMULATION
In order to verify the influence of density and sound speed on the sound pressure distribution and voltage signal in magneto-acoustic-electrical tomography, a multi-physics coupling software COMSOL was used to establish magnetoacoustic-electrical tomography model and conduct the coupled-field finite element analysis. Considering the 2-dimensional geometric model of fluid, applying ultrasonic and static magnetic field excitation, calculating electric potential distribution, and further calculating the voltage signal.
The simulation model is shown in Figure 2 , where the radius of the boundary is 0.02 m, the radius of the target is 0.005m, and the radius of the sound pressure excitation source is 0.002m. The target conductivity of 0.2s/m, the remaining part of the conductivity set to deionized water. 0 B is set as 1T, Figure 3 shows the sound pressure distribution obtained by solving the forward problem of the sound field at the acoustical reference value. Figure 4 is the same conditions under the electric scalar potential distribution. Figure 6 (a) shows the differences of the voltage of MAET with the variety of sound velocity, the errors at ρ ∆ = -100, -50, 50 and 100 were 8.66%, 5.08%, 4.13% and 8.63% by using the 2 norm relative error evaluation method, respectively. It is worth mentioning that there are two abnormalities of the magnetoacoustic signal with sound speed change, which needs further analysis，as shown in Figure 6 (b) and 6 (c) . Figure 7 shows the differences of the magnetoacoustic-electrical tomography voltage with the variety of density, the error at △ c = -100, -50, 50 and 100 are 1.61%, 39.28%, 45.98% and 10.64% , respectively.
The comparison of voltage signals shows that the changes of sound velocity and density all affect the magneto-acoustic-electrical signal, and the influence of sound velocity is more significant. 
SUMMARY
In order to study the effect of acoustically inhomogeneous characteristics of human tissues on MAET, a numerical calculation method of the forward problem of MAET in acoustically inhomogeneous tissues is proposed. Under the condition of a series of acoustic parameters, the voltage signal of MAET is calculated based on the two-dimensional fluid geometric model. After the forward problem of electromagnetic field is calculated, the effect of acoustic inhomogeneity on the signal of MAET is illustrated by the simulation results. The changes of sound velocity and density all affect the signal of MAET, and the influence of sound velocity is more significant and shouldn't be ignored.
